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ADVISORY 
CIRCULAR 

DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 
S U BJ ECT : TURBINE AND COMPRESSOR ROTORS TYPE CERTIFICATION SUBSTANTIATION 

PROCEDURES 

1. PURPOSE. Th i s  c i r c u l a r  s e t s  f o r t h  guidance and accep tab le  means, not  
t h e  s o l e  means, by which compliance may be shown wi th  t h e  t u r b i n e  and 
compressor r o t o r  s u b s t a n t i a t i o n  requirements i n  Fede ra l  Avia t ion  
Regula t ions ,  P a r t  33 .  

2 .  CANCELLATION. Advisory C i rcu la r  20-26 e f f e c t i v e  J u l y  22, 1964, and 
Changes 1 and 2  e f f e c t i v e  September 18 ,  1964, and J u l y  8 ,  1965, 
r e spec t ive ly ,  a r e  canceled.  

3 .  CHANGES. P r i n c i p a l  changes i ssued  i n  t h i s  r e v i s i o n  a r e  a s  fol lows:  

a .  The accep tab le  means of compliance i s  expanded t o  supply more 
d e t a i l s  on t h e  es tab l i shment  of r o t o r  component l i f e  l i m i t s  a s  a  
means of achiev ing  more meaningful r o t o r  s a f e  l i f e  va lues .  L i f e  
l i m i t  s u b s t a n t i a t i o n  i s  covered i n  terms of p red ic t ed  maximum 
s a f e  c y c l i c  l i f e ,  i n i t i a l  s e r v i c e  l i f e  l i m i t s ,  and inc reases  i n  
s e r v i c e  l i f e  l i m i t s .  

b.  C r i t e r i a  f o r  acceptab le  r o t o r  condi t ion  fo l lowing  demonstration of 
ove r s t r eng th  margin i s  more e x p l i c i t  and s t i p u l a t e s  a s  t h e  b a s i s  
"evidence of i n c i p i e n t  f a i l u r e  o r  c r i t i c a l  d i s t o r t i o n s  which 
could cause hazards t o  an a i r c r a f t . "  

4. REFERENCE REGULATIONS. 

Federa l  Aviat ion Regula t ions ,  P a r t  3 3 ,  Sect ions 33.27 and 33.5.  

SCOPE. To provide r e l i a b i l i t y  and s a f e t y  of t u r b i n e  and compressor 5 -  - 
r o t o r s  of t u r b i n e  engines ,  turbosuperchargers  , and power recovery 
tu rb ines  used wi th  r ec ip roca t ing  type  engines,  t h e i r  design and con- 
s t r u c t i o n  must provide s t r u c t u r a l  i n t e g r i t y  of s u f f i c i e n t  s t r e n g t h  
t o  withstand s p e c i f i e d  overspeeds and overtemperatures  without 

- 

Init iated by: FS-140 



Page 2 
AC N O . :  33 -3  

9/3/68 

f a i l u r e  u n l e s s  r o t o r  b u r s t s  a r e  demonstra ted t o  be c o n t a i n e d  w i t h i n  
t h e i r  r e s p e c t i v e  hous ings .  To cope w i t h  t h e  p o s s i b i l i ~ y  of c r i t i c a l  
d e t e r i o r a t i o n  of r o t o r  assembl ies  from s e r v i c e  u s e ,  i n s p e c t i o n  and l i f e  
l i m i t  c r i t e r i a  a r e  e s t a b l i s h e d  and a r e  s e t  f o r t h  i n  t h e  engine i n s t r u c -  
t i o n  manual. The s u b s t a n t i a t i o n  p rocedures  h e r e i n  a r e  those  which have 
been used and found t o  be a c c e p t a b l e .  

6. ACCEPTABLE MEANS OF COMPLIANCE FOR SUBSTANTL4TING TURBINE AND COMPRESSOR 
ROTORS. 

a .  Design and C o n s t r u c t i o n .  The eng ine  manufac tu re r  shou ld  d e s i g n  
t u r b i n e  and compressor r o t o r s  t o  have s u f f i c i e n t  s t r e n g t h  margin 
t o  a l l o w  s a f e  o p e r a t i o n  w i t h  l i k e l y  v a r i a t i o n s  i n  m a t e r i a l s  and 
o p e r a t i n g  environment .  The e f f e c t s  of damage-inducing f a c t o r s ,  
which may e f f e c t i v e l y  reduce t h e  s t r e n g t h  of r o t o r  d i s c s ,  shou ld  
be minimized by d e s i g n  f e a t u r e s ,  t a k i n g  i n t o  account  t h e  r e d u c t i o n  
of s t r e n g t h  t h a t  may be caused by s u r f a c e  damage and c o r r o s i o n ,  
o c c a s i o n a l  o v e r h e a t i n g ,  m a t e r i a l  f l a w s  o r  o t h e r  subs tandard  meta l -  
l u r g i c a l  p r o p e r t i e s  d i f f i c u l t  t o  d e t e c t ,  l i k e l y  d imens iona l  and 
q u a l i t y  v a r i a t i o n s ,  v i b r a t i o n ,  and f a t i g u e .  V i b r a t o r y  s t r e s s e s  
shou ld  be  determined and a l l o w a b l e  s t r e s s  l i m i z s  e s t a b l i s h e d .  
C o n s i d e r a t i o n  shou ld  be g iven  t o  t h e  l o a d s  and s t r e s s e s ,  occasioned 
from a i r p l a n e  i n l e t  d i s t o r t i o n ,  b l e e d  a i r ,  and e x h a u s t  sys tem 
e f f e c t s ,  s t a r t - s t o p  c y c l i c  s t r e s s e s  ( low-cycle  f a t i g u e ) ,  and v i b r a -  
t o r y  s t r e s s e s  (h igh-cyc le  f a t i g u e ) .  

S e r v i c e  L i f e  L i m i t s .  

(1)  L i f e  l i m i t s  a r e  t o  be s p e c i f i e d  i n  t h e  m a n u f a c t u r e r ' s  i n s t r u c -  
t i o n  manuals f o r  a l l  r o t o r  components (excep t  b l a d e s )  b e l i e v e d  
t o  have a  f i n i t e  f a t i g u e  l i f e  and shou ld  n o t  exceed t h e  lowest  
s a f e  l i f e .  Both an  a c c e p t a b l e  i n i t i a l  s e r v i c e  l i f e  l i m i t  and 
a n  a c c e p t a b l e  p l a n  f o r  l i f e  l i m i t  i n c r e a s e  s u b s t a n t i a t i o n  
s h o u l d  be submi t t ed  a t  t h e  t ime of eng ine  c e r t i f i c a t i o n ,  Such 
a  p l a n  may d i f f e r  from t h e  f o l l o w i n g ,  b u t  t h e  o b j e c t i v e  of 
p r o v i d i n g  s a f e  l i f e  l i m i t s  shou ld  be  a s s u r e d .  L i f e  l i m i t s  
s h o u l d  c o v e r ,  when a p p l i c a b l e ,  a l l  r o t o r  s p o o l  components 
i n c l u d i n g  s h a f t s ,  d i s c s ,  drums,spacers b u t  n o t  b l a d e s .  A l l  
r o t o r  l i f e  l i m i t s ,  whether  f o r  a n  i n i t i a l  s e r v i c e  l i f e  o r  f o r  
subsequen t  i n c r e a s e s ,  shou ld  be s u b s t a n t i a t e d  by t h e  b e s t  
known c u r r e n t  t e c h n i q u e s  i n  terms of f l i g h t  o p e r a t i n g  c y c l e s  
and h o u r s  a s  a p p l i c a b l e .  

(2)  The 150-hour eng ine  endurance t e s t i n g  i s  h e l p f u l  i n  s u b s t a n -  
t i a t i n g  h igh-cyc le  f a t i g u e  l i f e  p r o p e r t i e s ,  b u t  e s t a b l i s h i n g  
t h e  low-cycle f a t i g u e  l i f e  r e q u i r e s  more e x t e n s i v e  u s e  of 
e n g i n e  and component t e s t i n g ,  i n c l u d i n g  t e s t i n g  of numerous 
samples .  Hence, a  major  c o n s i d e r a t i o n  i n  t h e  e s t a b l i s h m e n t  of 
l i f e  l i m i t s  i s  t h e  low-cycle f a t i g u e  c a p a b i l i t y  of r o t o r  
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components t o  withstand the  cyc l i c  loading  condi t ions  imposed 
i n  o p e r a t i o n .  Experience has i nd ica t ed  it i s  e s s e n t i a l  t o  
s a f e t y  t o  e s t a b l i s h  conserva t ive  l i f e  l i m i t s  f o r  r o t o r  spool  
components a s  accura te  assessment of a l l  l i k e l y  c r i t i c a l  
low-cycle f a t i g u e  inf luences  i s  d i f f i c u l t  i n  view of engine,  
component, and ope ra t iona l  va r i ab l e s  which can induce o r  
adve r se ly  in£  h e n c e  f a t i g u e  f a i l u r e s  . 

(3 )  An accep tab le  procedure i s  a s  follows: 

P r e d i c t e d  Maximum Safe Cycl ic  L i f e .  

T h i s  va lue  should be e s t ab l i shed  wi th  t h e  use of b a s i c  
m a t e r i a l s  data  inc luding  v a r i a b i l i t y  f o r  minimum 
accep tab le  m a t e r i a l  combined wi th  s t r e s s  ana lyses  t o  
e s t a b l i s h  component s t r e s s e s  f o r  t y p i c a l  severe  ope ra t ing  
cyc le s .  Consider e f f e c t s  of any a n t i c i p a t e d  s t r e s s  r a i s e r s  
and s u b s t a n t i a t e  w i t h  confirming r e p r e s e n t a t i v e  component 
t e s t s  and any o the r  p e r t i n e n t  exper ience  of t he  app l i can t .  
Analyses employed should inc lude  sound engine s t r e s s  and 
temperature determinat ions and component t e s t  eva lua t ion  
techniques .  Subs t an t i a t ed  inc reases  of t h e  p red ic t ed  
maximum s a f e  c y c l i c  l i f e  may be in t roduced  a t  any l i f e  
ex t ens  ion  s t e p ,  

I n i t i a l  Serv ice  L i f e  Limit .  

The i n i t i a l  s e r v i c e  l i f e  l i m i t  should be e s t a b l i s h e d  a t  a  
f i g u r e  we l l  below t h e  predic ted  l i f e  l i m i t .  A suggested 
v a l u e  i s  one- th i rd  of t he  predic ted  l i f e .  Engine o r  
component l i f e  t e s t i n g  s i g n i f i c a n t l y  i n  excess of t he  
i n i t i a l  s e r v i c e  l i f e  value should be employed. The t e s t s  
conducted should s imulate  the  maximum s e v e r i t y  a n t i c i p a t e d  
i n  mission cyc les .  

I n c r e a s e s  i n  Serv ice  L i f e  Limits  

Evalua te  s e r v i c e  experience of r o t o r  components t o  d e t e r -  
mine t h a t  experience i n d i c a t e s  r o t o r  a c c e p t a b i l i t y  a t  
c u r r e n t  l i f e  l i m i t s  and t h e r e  i s  a  p o t e n t i a l  f o r  increased  
l i f e .  I d e n t i f y  from s e r v i c e  experience a  r e p r e s e n t a t i v e  
seve re  ope ra t ing  cyc le .  I f  t h e  c u r r e n t  l i f e  l i m i t  i s  
a c c e p t a b l e ,  s e l e c t  and demonstrate t h e  proposed s e r v i c e  
l i f e  i nc rease  us ing  high-time s e r v i c e  d i s c s  i n  engine o r  
component t e s t s ,  a s s i s t e d  by f u r t h e r  a n a l y t i c a l  and expe r i -  
mental  s t r e s s  determinat ions of components, The t e s t s  
conducted should s u b s t a n t i a t e  s a f e  l i f e  values s i g n i f i -  
c a n t l y  i n  excess  of t h e  proposed s t e p  increase .  Successive 
s e r v i c e  l i f e  i nc reases  of approximately one-fourth of t h e  
p red ic t ed  maximum l i f e  a r e  suggested c i t h  the  o b j e c t i v e  

Par 6 



Page 4 AC NO.: 33- 3  
9/ 9/ 68 

of i n t e r c e p t i n g  poss ib le  c r i t i c a l  e f f e c t s  on s a f e  l i f e  
when progress ing  t o  higher  l i f e  l i m i t s .  Maximum l i f e  
should not  exceed the  predic ted  s a f e  l i f e .  

Maintenance C r i t e r i a .  Maintenance c r i t e r i a  provided by the  engine 
manufacturer should inc lude  appropr ia te  dimensional c reep  l i m i t s  
f o r  a l l  c r i t i c a l  po r t ions  of r o t o r  components and o the r  b a s i c  
i n spec t ion  c r i t e r i a ,  t oge the r  with t h e  e s t a b l i s h e d  s e r v i c e  l i f e  
l i m i t s .  I n spec t ion  c r i t e r i a  f o r  h ighly  s t r e s s e d  r o t o r  components 
should be s p e c i f i e d  i n  t h e  manufacturer 's  i n s t r u c t i o n s  and should 
permit r e l i a b l e  d e t e c t i o n  and removal of d i sc repan t  components 
a t  overhauls .  

Overstrength Margin Tes t ing .  Representa t ive  des ign  t u r b i n e  and 
compressor r o t o r s  should be subjec ted  t o  o p r a t i o n  f o r  a  s t a b i l i z e d  
per iod  of a t  l e a s t  f i v e  minutes '  du ra t ion ,  a t  t h e  maximum r a t e d  
t enpe ra tu re  condi t ions  and accompanied by an overspeed r.p.m. a s  
determined i n  t h e  fo l lowing  paragraphs. I n  demonstrat ing adequate 
ove r s t r eng th  margins,  eva lua t ion  of t h e  e f f e c t s  of a c t u a l  overload 
s t r e s s e s  a t  t h e  s p e c i f i e d  maximum t e s t  condi t ions  i s  6es i r ed .  
Knowledge of t he  s t r e s s e s  i n  a l l  r o t o r  components i s  needed, b u t  t h e  
most c r i t i c a l l y  s t r e s s e d  d i s c s  and t h e  most c r i t i c a l  s t r e s s e s  i n  
t hese  d i s c s  a r e  of paramount i n t e r e s t .  For  mu l t i s t age  compressors 
and t u r b i n e s ,  demonstrat ion of only t h e  most c r i t i c a l  s t ages  i s  
acceptab le .  The cond i t i on  of c r i t i c a l  r o t o r  components fol lowing 
t h i s  demonstration should be such t h a t  t h e r e  i s  no evidence of 
i n c i p i e n t  f a i l u r e  o r  c r i t i c a l  d i s t o r t i o n s  which could cause hazards 
t o  an a i r c r a f t .  A f ive-minute s t a b i l i z e d  t e s t  per iod  i s  acceptab le  
f o r  t he  purpose of t h i s  t e s t ,  which i s  made t o  eva lua t e  shor t - te rm 
creep  and e longa t ion  t h a t  could l ead  t o  rup tu re ,  

(1) Tes t ing  a t  Overspeed S t r e s ses .  Overstrength margins r e l a t i v e  
t o  overspeeds may be demonstrated by any of t h e  fol lowing t e s t  
techniques:  

Rig t e s t i n g  a  r o t o r  d i s c ,  equipped wi th  dumy b lade  
weights ,  a t  maximum overspeed while  hea ted  t o  i t s  usua l  
maximum ope ra t ing  temperature cond i t i ons .  

Tes t ing  r o t o r  assemblies i n  a  complete engine t o  maximum 
overspeed whi le  developing t h e  maximum permiss ib le  gas 
temperature f o r  t he  h ighes t  r a t e d  speed. 

T e s t i n g  a  r o t o r  i n  a  complete engine ,  b u t  wi th  t h e  d i s c ( s )  
having appropr i a t e ly  thinned s e c t i o n s  a t  c r i t i c a l  a r e a s  t o  
produce maximum c r i t i c a l  d i s c  s t r e s s e s ,  while  developing 
maximum r a t e d  gas temperatures and maximum opera t ing  r.p,m. 
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(d) Turbosupercharger units tested as complete units and 
driven by a hot gas supply from a special burner rig, 

(e) Testing rotors or units separately (complete with blades 
or dummy weights) by cold spinning, plus acceptable calcu- 
lated data to ascertain the effects of temperature on 
critical stresses. For this method to be successful, 
accurate and extensive data are required including disc 
temperature survey data from operating engines and 
data on hot strength properties of the disc material. 

Determination of overspeed r.p.m. for test, The overspeed 
r,p.m. of all turbine engines, turbosuperchargers and power 
recovery turbines to which rotor discs are to be tested should 
be established through failure analyses criteria in determining 
the effects of reasonably probable and likely remote failures 
causing engine overspeeds. The failure of structural elements 
of the engine and its installation need not be considered if 
the probability of such failure is considered to be extremely 
remote, The highest r.p,m. of the following should be 
established as the overspeed r.p.m.: 

(a) One hundred and fifteen percent of the maximum rated r.p.m. 
if the demonstration is made on a complete engine incorpo- 
rating standard compressor and turbine assemblies. 

(b) One hundred and twenty percent of the maximum rated r.p.m., 
if the demonstration is made under simulated conditions 
acceptable to the Administrator, such as in rotor component 
test rigs. 

(c) An r.p.m. equal to 105 percent of the highest speed that 
would result from failure of the most critical component 
or system in a representative installation of the engine. 

(d) An rep.m. equal to the highest speed, which would result 
from the combination of two failures of components and/or 
systems in a representative installation of the engine, 
For each combination considered, one of the failures 
causing overspeeding should include a component or system 
whose failure would not normally be detected during a 
routine preflight check nor during normal flight operations, 

(3) Testing at Overtemperatures. Turbine engine rotor assemblies 
should be operated ar least five minutes at the maximum rated 
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r,p.m., wi th  t h e  measured t u r b i n e  gas temperature (as  nor-  
mally measured i n  t he  engine) a t  l e a s t  75' F .  i n  excess  of the 
h i g h e s t  maximum permiss ib le  r a t e d  temperature va lue .  This  
t e s t  should be accomplished by ope ra t ing  s u f f i c i e n t l y  long 
t o  heat-soak the  tu rb ine  elements.  The s t r e n g t h  margin i s  
s u f f i c i e n t  only when the  condi t ion  of t h e  t u r b i n e  assembly 
fo l lowing  t h i s  t e s t  i s  s a t i s f a c t o r y  and s t i l l  w i t h i n  se rv i ce -  
a b l e  l i m i t s .  The purpose of t h i s  t e s t  i s  t o  i n s u r e  t h a t  
excess  s t r e n g t h  i s  provided t o  prec lude  r ap id  d e t e r i o r a t i o n  

0 
o r  f a i l u r e  of t u r b i n e  r o t o r s  i n  t h e  event  of 75 F. over- 
tempera tures ,  which may r e s u l t  from sudden c o n t r o l  o r  o the r  
system f a i l u r e s  i n  a  time i n t e r v a l  i n  which a  f l i g h t  crew can 
be expected t o  be a l e r t e d  and t ake  c o r r e c t i v e  a c t i o n ,  

e .  T u r b o s u p e r c h a r ~ e r s  and power recoverv t u r b i n e s  used wi th  r ec ip ro -  
c a t i n g  engines  should be t e s t e d  a t  exhaust  gas temperatures  a t  
l e a s t  a s  h igh  a s  t h e  app l i cab le  type of r e c i p r o c a t i n g  engine w i l l  
produce under extreme condi t ions .  Such temperatures  a r e  normally 
c l o s e  t o  t h a t  produced when opera t ing  a t  t h e  s to i ch iome t r i c  f u e l / a i r  
mixtures .  The s to i ch iome t r i c  exhaust gas temperature i s  u sua l ly  
a t  o r  above t h e  va lue  a t  which t h e  u n i t  w i l l  be used i n  s e r v i c e ,  
This  t e s t i n g  may be accomplished during endurance t e s t i n g  of t h e  
u n i t .  Turbosuperchargers  may be t e s t e d  convenient ly on gas producer 
r i g s  i n s t e a d  of i n  conjunct ion wi th  a  r e c i p r o c a t i n g  engine.  When 
a  gas producer r i g  i s  used,  a  75' F.  overtemperature margin may be 
convenient ly maintained f o r  t h e  t e s t  t o  provide t h i s  des i r ed  
temperature margin. 

D i r e c t o r  // 5 F l i g h t  Standards Serv ice  
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